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serum level to predict sepsis related mortality in ICU patients
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ABSTRACT
Background: Sepsis is one of the most serious conditions where early diagnosis is important to
decrease mortality. We assessed the use of corrected QT (QTc) interval, and procalcitonin level
(PCT) as markers in septicemia to predict the patients’ short-term outcome and to get the cut
off value of higher diagnostic characteristics.
Material and methods: 120 ICU patients with an established diagnosis of septicemia were
included. Sequential Organ Failure Assessment (SOFA) score and Acute Physiology and Chronic
Health Evaluation (APACHE II) score were evaluated for all patients. Patients’ co-morbidities,
risk factors, laboratory, and hemodynamic records were recorded. QTc was recorded. Also, the
PCT level was measured once within the first 24 hours after the diagnosis of sepsis before
antibiotic therapy. The patients under study were followed up for the short-term outcome for
14 days to be either survivors or non-survivors.
Results: The mean age of our patients was 56.5 ± 6.2 years. The incidence of mortality was
36.7%. SOFA score, APACHE score, PCT level, and prolonged QTc were the parameters that
showed a significant difference between the survivor and non-survivor groups. The prolonged
QTc showed 70.5% sensitivity and 81.6% specificity to predict mortality. The best cut value of
QTc to predict mortality was ≥ 469 ms while for PCT level was 8.4 ng/dl with 75%, 97.7%
sensitivity and 81.6%, 57.9% specificity respectively.
Conclusion: Prolonged QTc and procalcitonin are easy and available parameters that can be
used as markers to predict the ICU patients’ mortality with reasonable accuracy.
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1. Introduction

Sepsis is one of the most serious intensive care unit
(ICU) conditions with high mortality rates. Sepsis is
recently defined as life-threatening organ dysfunction
caused by a dyregulated host response to infection [1].

Severe sepsis causes insufficient organ blood flow
with subsequent system failure in response to infec-
tion, which is manifested with hypotension, increased
serum lactate, and/or low urine output. Septic shock is
a state of acute circulatory failure and abnormalities in
cellular metabolism which may lead to death [2].

Early diagnosis and adequatemanagement of septice-
mia are crucial for a better prognosis. Multiple biomarkers
can be used on admission or during follow up of patients
to assess the patients’ progress and predict their risk out-
come with no specific superiority over each other [3,4].
Simple, available and rapid tools are needed to determine
septicemic patients with high-risk mortality [5].

Multiple scoring systems are well established to be
used in the assessment of ICU patients predicting their
outcome more commonly used are the Acute
Physiological and Chronic Health Evaluation (APACHE II)
scoring as well as Simplified Acute Physiology Score and
Sequential Organ Failure Assessment (SOFA) score [6–8].

The QT and corrected QT intervals (QTc) measured
by electrocardiograph (ECG) are correlated to the left
ventricular function. The prolonged interval is asso-
ciated with poor ICU outcomes [9]. It can be used as
a mortality predictor in patients with moderate to
severe left ventricular (LV) dysfunction and patients
with acute pulmonary embolism (PE) [10]. The QTc
interval is influenced by multiple metabolic factors
during the sepsis course leading to shortening or pro-
longation of the QTc segment. So, it can be used as
a predictor for patients’ short-term outcomes [10,11].

Procalcitonin (PCT) is one of the most commonly
used biomarkers in cases with septicemia. Normally,
the serum level of PCT is almost nil yet in septicemia, it
increases very rapidly within 3 hours after bacterial
infection reaching to the peak within 20 hours.
Several studies revealed that the higher the level of
PCT the more association with severe sepsis [12]. PCT
level is found to be strongly correlated with the
patients’ outcome and mortality risk [13].

In this study, we aimed to check if the combined use
of QTc interval and PCT level is more accurate to pre-
dict sepsis related mortality in ICU patients than either
of QTc or PCT alone
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2. Material and methods

After approval of the ethical committee in charge, 120
adult ICU patients with a diagnosis of septicemia were
consented to participate in this prospective, blinded,
observational work at Ain Shams university hospital.
The study was done along the period from
October 2018 to September 2019.

The patients who were included in the study were
all above 18 years old with ICU admission and evidence
of sepsis diagnosed according to the American College
of Chest Physicians/Society of Critical Care Medicine
criteria [14]. We excluded children below the age of 18,
patients with a previous episode of cardiopulmonary
resuscitation, arrhythmogenic drug therapy such as
aminophylline, dopamine >5 mg/kg per min, or adre-
naline, and drugs that may prolong QT interval e.g.:
clarithromycin, Sotalol, Amiodarone.

All patients were subjected to full history taking
including personal data, special habits as smoking, co-
morbidities as diabetes, hypertension, renal impair-
ment or cardiac disease. Also, the cause of admission,
infection date, site and the incidence of acute kidney
injury were recorded. The recorded hemodynamic
parameters included arterial blood pressure, heart
rate, respiratory rate, temperature, urine output, oxy-
gen saturation, ETCO2, and CVP measurement.
Glasgow coma scale was also assessed and recorded.

SOFA score was evaluated with characteristic features
included respiratory, cardiac, coagulation, hepato-renal
and neurological variables [15]. Also, we calculated the
APACHE II score utilizing 12 different variables [6]. This is
followed by the calculation of SOFA score mortality risk
and APACHE II score mortality risk.

2.1. QTc assessment

The selected patients were monitored with a 12 leads
Electrocardiography daily with a special interest for QTc
interval at a speed of 50 mm/sec till either discharge or
mortality within a short-termperiod (2weeks). QT interval
wasmeasured from the onset of Q-wave to the end of the
T-wave. Our decision was to use automated measure-
ment as the basis of 2007 AHA/ACC/HRS recommenda-
tions. QTc calculation was performed using Bazzet’s
formula (Bazett’s formula: QTC = QT/√ RR) when the
heart rate was below 100/min and the Framingham for-
mula for values above 100/min [16]. Prolonged QTc was
defined as a QTc of ≥ 450 ms in men and ≥460 ms in
women based on recommendations from the American
Heart Association and the American College of
Cardiology Foundation [17]. Markedly prolonged QTc
interval in either sex was considered a QTc interval of
above 500 ms as this had been associated with a signifi-
cantly higher risk of torsade de points [18].

A full laboratory profile was routinely taken. PCT
level was measured once within the first 24 hours

after sepsis diagnosis. No more PCT measurement
was required because its level is supposed to show
a decline in response to antibiotic therapy initiation
and this was not our aim.

The patients were followed up for the short-term out-
come with the mortality rate, ICU stays, and discharge
recorded for all patients within 2 weeks follow up.

2.1.1. Sample size justification
Depending on the previous study George et al., 2015
[19] who found that frequency of adverse outcome
was (58/174, 33.3%), while the frequency of prolonged
QTc among cases with favorable prognosis (25/116,
46.6%) and cases with adverse prognosis (27/58,
21.6%). Moreover, depending on Ashour et al., 2017
[20] who found that frequency of mortality (18/42,
42.9%), while procalcitonin among non-survivors and
survivors 8.20 ± 2.17 and 4.54 ± 1.91 respectively.
Assuming the power = 0.80 and α = 0.05, and by
using PASS 11th release the minimal sample size for
s single group cohort is 120 cases [21].

2.1.2. The statistical analysis
The collected data were coded, tabulated, and statisti-
cally analyzed using IBM SPSS statistics (Statistical
Package for Social Sciences) software version 18.0,
IBM Corp., Chicago, USA, 2009.

Descriptive statistics were done for quantitative
data as mean ± SD (standard deviation) for quantita-
tive data, while it was done for qualitative data as
number and percentage.

Inferential analyses were done for quantitative vari-
ables using the Shapiro-Wilk test for normality testing,
independent t-test in cases of two independent groups.
In qualitative data, inferential analyses for independent
variables were done using Chi-square test for differences
between proportions and Fisher’s Exact test for variables
with small expected numbers. While correlations were
done using Pearson correlation. ROC curve was used to
evaluate the performance of different tests differentiate
death. The level of significance was taken at P value <
0.050 is significant, otherwise, it is non-significant.

3. Results

This study was conducted on 120 patients fulfilling the
inclusion criteria and was admitted to the ICU in Ain
Shams University hospitals with a diagnosis of sepsis.

On short-term follow up within 2 weeks, 44 patients
(36.7%) died representing the non-survivor group while
the rest (76 patients, 63.3%) either discharged or com-
pleted their stay in the ICU representing the survivor
group (Figure 1).

The patients’ characteristics including age, sex, risk
factors, co-morbidities, and laboratory results showed
that these parameters were almost similar in both the
survivor and non-survivor groups (p > 0.05). Although
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hypertension and DM were the highest risk factors
between our study group, yet they showed no statisti-
cally significant difference between the survivors and
non-survivors. The same was noticed regarding the co-
morbidities with ischemic heart diseases (ISHD) and
COPD/chest diseases were the highest incidence
between our study population (38.4% and 25% respec-
tively) yet with no significant difference between the
survivor and non-survivor groups.

SOFA score mortality risk, APACHE II score mor-
tality risk, PCT and QTc were significantly higher
among died cases showing a significant difference
between the two groups with P-value < 0.001. The
prolonged QTc was recorded among 45 patients, 31
non-survivors and 14 survivors with a sensitivity of
70.5% and specificity of 81.6% to predict mortality
(Table 1) (Figure 2). The mean QTc between the survi-
vors was 433.9 ms while it was 493.1 ms between the

Figure 1. CONSORT flow diagram.

Table 1. Comparison according to ICU mortality.

Characteristics
Total

(N = 120)
Non survivor
(N = 44)

Survivor
(N = 76) P value

Age (years) 56.5 ± 6.2 56.1 ± 6.9 56.7 ± 5.8 ^0.621
Sex Male (N/%) 77 (64.2%) 27.0 (61.4%) 50.0 (65.8%) #0.626

Female (N/%) 43 (35.8%) 17.0 (38.6%) 26.0 (34.2%)
Cause of admission Cardiovascular (N/%) 61 (50.8%) 24.0 (54.5%) 37.0 (48.7%) #0.536

Neurological (N/%) 19 (15.8%) 5.0 (11.4%) 14.0 (18.4%) #0.307
Trauma (N/%) 30 (25.0%) 13.0 (29.5%) 17.0 (22.4%) #0.382
Others (N/%) 10 (8.3%) 2.0 (4.5%) 8.0 (10.5%) §0.322

SOFA score mortality risk 52.6 ± 33.6 67.1 ± 33.4 44.3 ± 30.9 ^<0.001*
APACHE II score mortality risk 67.3 ± 23.9 78.7 ± 17.5 60.7 ± 24.7 ^<0.001*
Procalcitonin (ng/mL) 10.4 ± 4.5 13.4 ± 4.9 8.6 ± 3.1 ^<0.001*
QTc (msec) 455.6 ± 48.3 493.1 ± 42.3 433.9 ± 37.0 ^<0.001*
Prolonged QTc >470 (N) 45 (37.5%) 31.0 (70.5%) 14.0 (18.4%) #<0.001*
Death day – 9.8 ± 7.8 – –

N = Number, ^ Independent t-test, # Chi-square test, § Fisher’s Exact test, * Significant

Figure 2. Comparison between the procalcitonin level (left) and the QTc (right) between the survivors and the non-survivor group.
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non-survivors. The mean PCT level between the survi-
vors was 8.6 ng/dl while between the non-survivors
was 13.4 ng/dl.

We found a significant negative correlation
between mortality day, PCT, SOFA mortality, APACHE
II mortality and QTc (Table 2).

PCT and QTc had significant moderate diagnostic
performance in predicting death, while the SOFA score
mortality risk and APACHE II score mortality risk had
significant low diagnostic performance in predicting
death (Table 3) (Figure 3). The best cut off value for
the QTc was found to be ≥ 469 ms and the best cut off
value for the PCT was found to be ≥ 8.4 ng/dl (Table 3).

PCT level ≥ 8.4 (ng/mL) and QTc ≥469 ms had the
highest diagnostic characteristics in predicting death.
Procalcitonin ≥ 8.4 (ng/mL) had higher sensitivity, but
lower specificity than QTc ≥469 ms (Table 4).

Finally, when we combined the cut off value of both
prolonged QTc and PCT level we found that 38 patients
showed prolonged QTc ≥ 469 ms and high PCT ≥ 8.4 ng/
dl. 33 of them were found between the non-survivor
group and 5 of them were found between the survivor
group. So, the combined use of both cut off value led to
a sensitivity = 75% and specificity = 93.4%. The positive
and negative predictive values were 86.8% and 86.6%
respectively.

4. Discussion

In the present study, we aimed to assess the validity of
the use of prolonged QTc interval as well as the PCT level
as markers for short-term mortality prediction in ICU
patients diagnosedwith septicemia. ProlongedQTc inter-
val (QTc interval ≥ 469 ms) showed high diagnostic char-
acteristics with the patients’ short-term mortality. PCT
level also showed higher sensitivity, yet lower specificity
compared to prolonged QTc. Prolonged QTc interval and
high PCT can be used as ECG and laboratory markers for
poor prognosis and mortality prediction in ICU patients
with septicemia.

In our study, SOFA and APACHE II scoring and the
calculated mortality risk at admission showed
a significant correlation with the patient’s mortality
which of course consistent with the fact of being the
commonest scoring systems used to assess the patient
outcome in ICU [6,7,15,22]. This is also in agreement with
Raith et al. who found that the prognostic accuracy of the
SOFA score was better than q SOFA in-hospital mortality
among adults admitted to the ICU with suspected infec-
tion [23].

Although being the most common scoring systems
used in mortality prediction yet our study revealed that
PCT and prolonged QTc showed higher diagnostic
characteristics and performance to predict mortality.

The QT interval is known to be affected by multiple
metabolic factors and its prolongation is usually asso-
ciated with systolic, diastolic or even left ventricular fail-
ure [24,25]. In septicemia, prolonged QT interval and
subsequent myocardial dysfunction occur due to myo-
cardial infiltration with immune cells, subendocardial

Table 2. Correlations of mortality day among died cases.
Findings R P-value

Age −0.073 0.637
SOFA mortality −0.586 <0.001*
APACHE II mortality −0.305 0.044*
Procalcitonin (ng/mL) −0.430 0.004*
QTc −0.431 0.003*

Total = 44. Pearson correlation. * Significant

Table 3. Diagnostic performance of different variables at day-1
in predicting death.
Factors AUC SE P 95% CI Cut off

SOFA mortality 0.718 0.052 <0.001* 0.617–0.819 ≥89.5
APACHE II mortality 0.697 0.048 <0.001* 0.603–0.791 ≥67.0
Procalcitonin 0.823 0.037 <0.001* 0.751–0.895 ≥8.4
QTc 0.847 0.036 <0.001* 0.776–0.918 ≥469

Total = 120 AUC: Area under the curve, SE: Standard error, CI: Confidence
interval, *significant

Figure 3. ROC curve for different variables at day-1 in predict-
ing death.

Table 4. Diagnostic characteristics of suggested cutoff points
in predicting death.

Characters
SOFA mortality

≥ 89.5

APACHE II
mortality
≥ 67.0

Procalcitonin
≥8.4 ng/mL

QTc
≥469 ms

Sensitivity 54.5% 79.5% 97.7% 75.0%
Specificity 85.5% 60.5% 57.9% 81.6%
DA 74.2% 67.5% 72.5% 79.2%
YI 40.1% 40.1% 55.6% 56.6%
PPV 68.6% 53.8% 57.3% 70.2%
NPV 76.5% 83.6% 97.8% 84.9%
LR+ 3.77 2.02 2.32 4.07
LR- 0.53 0.34 0.04 0.31
LR 7.09 5.96 59.13 13.29
Kappa 0.419 0.364 0.484 0.558

CI: Confidence interval, YI: Youden’s index, DA: Diagnostic accuracy, PPV:
Positive Predictive Value, NPV: Negative Predictive Value, LR+: Positive
likelihood ratio, LR-: Negative likelihood ratio, LR: Diagnostic odd ratio
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hemorrhage, myocardial edema, cellular necrosis, fibrin
deposition, and interstitial fibrosis [26].

We found a statistically significant difference
between the prolonged QTc interval and the incidence
of mortality with a sensitivity reaching 70%. The best
cut off value for the QTc with the best diagnostic
characteristics was ≥ 469 ms. These results are almost
similar to the results of Wasserstrum Y and his collea-
gues who studied 257 patients with septicemia and
found that fourteen-day mortality rates were higher
between patients with longer QTc interval [5]. Also,
George et al. reported that prognosis was worse in
patients with a prolonged QTc interval for adverse
outcomes from the Intensive Care Unit [19]. Also,
Pickham et al and Gibbs C et al who found three
times and two times increase in mortality respectively
between patients with prolonged QT > 500 ms [27,28].

Our findings were not in agreement with Seftchick
et al. who considered prolonged QTc > 500 ms and
concluded in their study that there was no poor out-
come in terms of increased mortality in the patients
with prolonged QTc interval [29].

PCT is a precursor of calcitonin hormone and it is
well known to increase with sepsis with multiple stu-
dies demonstrating the value of its use for prognostic
prediction in patients with sepsis [30]. We measured
the PCT level within the first 24 hours after the diag-
nosis of sepsis and this was consistent with multiple
studies [31,32].

Concerning the PCT level, we found a statistically
significant difference between the PCT level and the
incidence of mortality with mean PCT level in the non-
survivor group 13.4 ± 4.9 ng/dl which was significantly
higher than the survivor group. Li et al. in their meta-
analysis study concerning the prognostic value of PCT in
septic patients, showed that initial high PCT level was
associated with increased risk of mortality, with mean
PCT level on day 1bewteen the non-survivor = 11.95 ng/
dl which is closer to our study [33].

Higher PCT level was found between the non-
survivor group with cut off value 8.4 ng/dl with
97.7% sensitivity and 57.9% specificity.

This was close to Meng et al. who found PCT cut off
value to be 10 ng/dl with 75% sensitivity and 66.7%
specificity [31]. Also, Li et al, Feng et al and to lesser extent
Masson et al. who found the PCT cut off value to be 10.65,
8.5 and 14.2 ng/dl respectively, yet with different sensi-
tivity and specificity levelswhichmay be explainedby the
different sample volume and different mortality inci-
dence between these different studies [33–35].

The combined use of both prolonged QTc ≥ 469 ms
and PCT level ≥ 8.4 ng/dl showed 75% sensitivity and
93.4% specificity. So, the combined use of both values
gave us higher specificity than each value separately.
To our knowledge, no previous studies discussed the
issue of combined use of these values together to
improve their diagnostic performance.

5. Conclusion

Early diagnosis of septicemia and prediction of mortal-
ity risk affects the management strategy for patients
inside the ICU which may reflect upon the mortality
rates and improve the management outcome.
Prolonged QTc interval is an easy, available marker
that can be used effectively as a predictor for mortality
and is available 24 hours via ECG reading. Also, the PCT
level within the first 24 hours after the diagnosis of
septicemia shows adequate diagnostic characteristics
in mortality prediction.

6. Limitations and recommendations

Our study is a single-center experience, so multi-center
research is suspected to give usmore accurate results.We
were unable to follow up the PCT level due to its high
cost.
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